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Explanatory note to thesis «Analysis of Ukraine’s prospects for fossil fuels phase 
out»:  67 pages, 25 figures, 5 tables, 57 references. 
Object of research – fossil fuels use for energy generation. 
Subject of research – transition from fossil fuels to alternative energy sources. 
Aim оf work – the aim of the work is the assessment of the structure of modern 
energy supply and future prospects & opportunities for Ukraine to become energy 
independent in the gradual abandonment of fossil fuels, and its replacement by more 
ecologically friendly and renewable sources. 
Methods of research: analysis, data comparison, statistical data processing.  
FOSSIL FUELS ABANDONMENT, RENEWABLE ENERGY SOURCES, 
MODERN ENERGY SUPPLY, GLOBAL WARMING, ENERGY INDEPENDENCE, 
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Relevance of the work. The largest energy source used in the world today is fossil 
fuels. Its overconsumption leads to severe environmental problems including air pollution. 
The importance of researching the production of renewable energy is evident as it plays a 
crucial role in reducing greenhouse emissions, reducing the negative effect on the 
atmosphere, improving energy protection and decreasing energy import dependence. 
Energy independence is very important for our country and can provide great 
opportunities in the economic and ecological perspectives. 
Aim and tasks of graduate work. The aim of the work is to analyze the existing and 
potential solutions to substitute fossil fuels with alternative sources. 
Tasks of work:  
1) To analyze the structure of modern energy supply 
2) To evaluate the perspectives of Ukraine in the transition to alternative energy. 
3) To choose a strategy for the development of alternative energy sources in 
Ukraine based on different outlooks. 
Object of research – fossil fuels use for energy generation. 
Subject of research – transition from fossil fuels to alternative energy sources. 
Methods of research. Comparative analysis, data comparison, statistical data 
processing. 
The practical value of the results obtained. The recommendations on the 
development of alternative energy sources and the possibility of meeting the needs of 
Ukraine at the expense of these sources were proposed. 
Personal contribution of the graduate. Analysis of structure of modern energy 
supply, experience of Ukraine and other countries in the field of alternative energy, 
opportunities, prospects and already implemented projects. An assessment of our 




Approbation of results. Theoretical provisions of the study were presented at 
international and national scientific and practical conferences: “Техногенна-екологічна 
безпека України: стан та перспективи розвитку (Irpen, 2019), XX Міжнар.наук.-
практ. Конф. «Політ. Сучасні проблеми науки» (Kyiv, 2020). 
Publications. The main provisions and results of the study are presented in 2 thesis 












1.1 Main energy resources of the modern economy 
 
Commercial energy, or energy sold on the marketplace, is what we are using to 
complement the energy of the sun. Most business energy is currently derived from the 
extraction and burning of non-renewable power resources from the Earth's crust, mainly 
carbon-containing fossil fuels – oil, natural gas, and coal. 
Approximately 90% of the world's business energy consumption comes from non-
renewable energy resources, 85% from fossil fuels (oil, natural gas and coal) and 5% from 
nuclear power (Fig. 1.1). Compared to most other options, non-renewable fossil fuels are 
commonly used because they are abundant, transportable, and inexpensive. Every year 
since 1982, world power consumption has risen.  
Ukraine is one of Europe's largest nuclear power manufacturers: it has 15 nuclear 
power plants with a capability of over 13 gigawatts, which means that the nation derives 
around 60% of its electricity from nuclear power [26]. 
Domestically extracted oil volumes are falling each year, and Ukraine is highly 
dependent on imported petroleum. Most oil refineries in the country are not in operation. 
Ukraine acquired a strong energy industry following the collapse of the Soviet 
Union. However, this industry is now in a critical state because of inefficient policy. The 
decline of energy assets and absence of investment, low energy efficiency and 
acceptability of the environment and heavy reliance on overseas supplies are among the 
primary issues. Ukraine is one of the world's top 20 least energy-efficient nations. Ukraine 
spends more energy than Poland three times. To stimulate the operation and development 
of renewable energy sources in Ukraine, a "green" tariff, or special feed-in tariff, was 
introduced in 2009. The feed-in tariff for green projects in Ukraine is one of the highest in 




renewable energy sources, as shown in the Figure 1.1, in Ukraine is approximately 5% of 
total. 
In terms of coal reserves, Ukraine ranks 7th in the globe, 12th in terms of uranium 
and 29th in terms of natural gas. The lack of investment in exploration, processing and 
energy effectiveness and complex bureaucratic procedures hinder the growth of the energy 
industry in Ukraine.  
 
Fig. 1.1. Use by source of commercial energy for the globe and Ukraine [26] 
 
Electricity generation is well known to be the main factor for progress in sector, 
agriculture, technology and living standards. In the early twentieth century, European and 
North American industrialized nations consumed about 98 percent of the world's 
commercial electricity. Growth in the demand for electricity has outperformed growth in 
the final demand for energy for many years. Increased end-use electrification– such as 
transportation, space heating, big equipment, and so on – is a main contributor to 
increasing demand for energy. Electricity consumption in Ukraine is 3,418.59 kWh per 






Fig. 1.2. World’s electricity consumption (2014) kWh per capita [30] 
 
Modern economic development is mainly dependent and controlled by energy 
supply. The use of non-renewable and renewable energy sources, pollution and global 
warming require wise financial choices in terms of energy generation options. The 
development of unconventional resources and technology improvements are gradually 
changing the structure of energy consumption (Fig. 1.3). 
 
Fig. 1.3. Comparative primary energy consumption dynamics [29] 
 
Economic activity, population, and technology are the three most fundamental 
drivers of power demand. Long-term financial growth trends for a specific economy rely 




development, employment participation rate, productivity development, domestic savings 
rate and capital accumulation. 
 
1.2 Characteristics of existing fossil fuel reserves 
 
All over the globe, fossil fuels are of enormous importance. Petroleum, natural gas, 
and coal are the primary energy sources driving contemporary technology, affecting 
hundreds of millions of people's life. 
Overall, more than eighty percent of the world's energy demand comes from fossil 
fuels, with the main constituents being oil (33%), coal (28%), and natural gas (21%). Fig. 
1.4 shows world's total energy production and supply of fossil fuels and energy from 
alternative sources (hydro, solar, etc.). 
 
Fig. 1.4. World’s energy production (left) and energy supply (right) (excluding 
electricity trade) [5] 
 
Petroleum (crude oil) is a black, gooey fluid composed of hundreds of distinct fuel 
hydrocarbons along with tiny quantities of sulfur, oxygen, and nitrogen impurities. Oil and 
natural gas deposits are often trapped under a dome deep inside the Earth's crust on soil or 
under the seabed. In subterranean rock formations, the crude oil is spread in pores and 
cracks, somewhat like water saturating a sponge. Some crude oil distillation products, 
called petrochemicals, are used in cleaning liquids, pesticides, plastics, synthetic fibers, 




 Developers drill a well vertically or horizontally into the deposit below the bottom 
of the floor or ocean to obtain the oil. Pressure inside the deposit forces the oil to the 
surface or oil is drawn from the rock pores by gravity and flows into the well's bottom 
where it is pumped to the surface. 
The oil industry is the biggest enterprise in the world, and control of oil reserves is 
the single biggest source of worldwide financial and political power. Petroleum is not 
uniformly spread worldwide. Over half of the world's proven oil reserves are situated in 
the Middle East (including Iran but not North Africa), meaning the Middle East has more 
oil than the remainder of the world combined. Canada and the U.S., Latin America, 
Africa, and the region occupied by the former Soviet Union follow the Middle East. Each 
of these areas includes less than 15% of the established reserves of the world. 
Natural gas is a colorless, extremely flammable hydrocarbon gaseous composed 
mainly of methane and ethane. It is a form of petroleum frequently found in combination 
with crude oil. Russia posses the world's biggest natural gas reserves (about 47 trillion 
cubic meters) and is the biggest producer of natural gas in the world (between 56 and 70 
billion cubic meters per year). Groningen is Europe's biggest natural gas field, with initial 
reserves of approximately 2.27 trillion m3, the United States has demonstrated 6.6 trillion 
m3 of natural gas reserves. The established reserves of Mexico's natural gas are about 370 
billion cubic meters [13]. 
Coal is a material, generally brown or black, rich in carbon, most commonly found 
in stratified sedimentary deposits. It is one of the most significant fossil fuels. Coal is 
formed from the remains of land plants buried 300-400 million years ago and exposed to 
intense heat and pressure over millions of years.  
As a fossil fuel burned for heat, coal supplies about a quarter of the world's primary 
energy and two-fifths of its electricity. Coal is burned in energy plants to produce about 
42% of the world's energy, 49% of the energy used in the U.S., and 70% of that is in China 
[13]. 
In 2017 38% of the world's electricity came from coal, the same percentage as 30 




which was 30% of total electricity generation capacity. The most dependent major country 
is South Africa, with over 80% of its electricity generated by coal [54]. 
The largest consumer and importer of coal is China. China mines almost half the 
world's coal, followed by India with about a tenth. Australia accounts for about a third of 
world coal exports followed by Indonesia and Russia. The US maintains 28% of the 
world's established coal reserves, followed by Russia (with 18%), China (14%), Australia 
(9%), and India (7%). 
Peat is the organic surface layer of a soil composed of partly decomposed organic 
material, mostly obtained from plants, which has accumulated under water logging, 
oxygen deficiency, acidity and nutrient deficiency conditions. Over time, peat formation is 
often the first step in the geological formation of other fossil fuels like coal, especially 
low-grade coal like lignite. 
By volume, there are about 4 trillion cubic metres (5.2 trillion cubic yards) of peat 
in the world, covering a total of around 2% of the global land area (about 3 million square 
kilometres or 1.2 million square miles), containing about 8 billion terajoules of energy. 
Depending on the agency, peat is not generally regarded as a renewable source of energy, 
due to its extraction rate in industrialized countries far exceeding its slow regrowth rate of 
1 mm per year, and as it is also reported that peat regrowth takes place only in 30-40% of 
peatlands [28]. 
Peat is harvested as an important source of fuel in certain parts of the world. Peat 
has traditionally been used for cooking and national heating in many nations, including 
Ireland and Scotland, and peat is stacked to dry in rural regions. Peat provides around 
6.2% of Finland's annual energy production, second only to Ireland.  
Use of peat for energy production was prominent in the Soviet Union, especially in 
1965. In 1929, over 40% of the Soviet Union's electric energy came from peat, which 
dropped to 1% by 1980. Currently, Russia is responsible for 17% of the world's peat 
production and 20% of that peat (1.5 million tons) is used for energy purposes [55]. 
Oil shale is an organic-rich fine-grained sedimentary rock containing kerogen (a 




produced, called shale oil. Shale oil is a substitute for conventional crude oil; however, 
extracting shale oil from oil shale is more costly than the production of conventional crude 
oil both financially and in terms of its environmental impact. Deposits of oil shale occur 
around the world, including major deposits in the United States. Estonia and China have 
well-established oil shale industries, and Brazil, Germany, and Russia also utilize oil 
shale. 
 
1.3 Perspectives for ensuring the needs of fossil resources 
 
All the mentioned energy resources are non-renewable and will eventually come to 
the end. But if one asks how much of the fossil fuels are still in reserve, the response to 
this issue is "Nobody understands". The agricultural industry would not exist without the 
energy industry; the world would not be able to sustain a population of 7 billion or 3.6 
billion and maybe not even 1 billion. Hungering our power machines would be starving 
ourselves. 
According to the London, England-based World Energy Council, there are still over 
800 billion tones (725 billion metric tons) of coal, 1.2 trillion barrels of crude oil, and 235 
trillion cubic yards (180 trillion cubic meters) of natural gas under the surface of the earth 
[29]. Clearly, due to the finite quantity of remaining reserves, the fossil fuel era is bound 
to end in a matter of at most a century or two. Global consumption of fossil fuel is rising 
and finding fresh reserves is becoming more difficult. Those discovered are substantially 
lower than those found in the past.  
Thus, the U.S. in its 2000 global oil supply evaluation Geological Survey estimated 
that approximately 3 trillion barrels of recoverable oil originally existed on Earth and 
approximately 710 billion barrels of this amount were consumed by 1995. Globally, we 
are presently consuming more than 11 billion tons of oil each year from fossil fuels. Crude 
oil reserves are disappearing at a rate of over 4 billion tons per year – so if we continue as 




The worldwide long-term perspective for standard supplies of natural gas is better 
than for crude oil. At current consumption rates, known reserves of conventional natural 
gas should last the world 62–125 years and the United States 82–118 years [22]. 
Coal is the richest fossil fuel in the world. Global carbon supplies identified and 
unidentified could last 214-1125 years, depending on how quickly they are used [22]. 
Geologist M. King Hubbert in the 1950s anticipated the world would experience a 
fossil fuel scarcity that would harm the economy of the world. This concept stayed as the 
Peak Oil theory in the collective consciousness, according to which oil production, as a 
finite resource, will peak at some stage and eventually decrease and deplete. Overall, we 
see a more than 1300-fold increase in worldwide fossil energy usage (Fig. 1.5). As shown, 
until the 1860s, when crude oil consumption started, coal was the first and only fossil 
source. Production of natural gas started a few centuries ago, in the 1880-90s. 
According to Production/Respiration Ratio oil will run out at current production 
rates in 53 years, natural gas in 54 years, and coal in 110. But, we must bear in mind that 
all these estimates are based on Production/Respiration ratios and therefore consider only 
established reserves, unlikely or feasible resource reserves. For example, in 1980, only 32 
years of oil production from existing reserves were suggested by the R / P ratio. Some 
coal, oil, and gas volumes are not currently accessible due to deep localization 
underground, but the improvement of technologies may have a positive impact on the 
available reserves volume. 
 




Looking at our future as a community, some attention requires to be paid to how we 
are going to generate energy in the future. The deposit of non renewable fuel in our earth 
is limited. For understanding how to properly use the remaining resources - three energy 
scenarios were provided by the International Energy Agency: 
1. The Current Policies Scenario – this will lead to increased stress on almost all 
elements of energy security and a significant extra increase in carbon dioxide emissions 
from energy sources.  
2.The New Policies Scenario – it includes the governments' announced policies and 
objectives. According to this scenario global oil demand development will slow but not 
peak before 2040. China will become the world's biggest single consumer of oil in the 
2030s, while Asian developing countries will give half of the growth of natural gas 
demand by 2040. In general coal consumption will be stable at the level of approximately 
5 400 million tons of carbon equivalent and will not repeat the 2014 peak. Coal production 
in China, by far the biggest producer of coal in the globe, will decrease at an average rate 
of 0.4 percent per year [2] 
3.The Sustainable Development Scenario – it supposes that accelerated clean energy 
transitions can help mitigate climate change, provide universal access to cheaper energy 
and meet clean atmosphere objectives. Major changes will occur in most industries, 
resulting in a 25 Millions of Barrels per Day reduction of the total oil demand by 2040. 
Gas demand continues to expand in this scenario up to 2025 before stabilization at around 
4.2 trillion cubic meters. Gas will be the only fossil fuel that will require more than 
nowadays in 2040. Coal consumption is falling sharply (by 3.6% per year) and the share of 
coal in primary energy is supposed to fall below 12% by 2040 [2]. 
The worldwide energy industry will change considerable over the next 20 years. 
Energy demand in developing economies can exceed demand in developed countries, but 
the share of "green" power will be much higher in energy budget due to technological 
advances. According to this "favorable" scenario of the International Energy Agency, the 
reserves of fossil fuels reserves will not run out and are likely to remain in the ground after 





1.4 Alternative energy sources 
 
The world economy increasingly involves the use of renewable energy sources to 
substitute partly or completely fossil fuels in the manufacturing of electricity and heat. 
Energy demands could double or even triple by 2050, with the global population rising 
and developing countries are expanding their economies. 
This has led to the rise of a number of alternative energy sources. While the viability 
of each can be argued, they all contribute something positive when compared to fossil 
fuels. Lower emissions, lower fuel prices and the reduction of pollution are all advantages 
that the use of alternative fuels can often provide. 
1. Solar Power 
2. Nuclear Power 
3. Hydroelectric Energy 
4. Wave Energy 
5. Biofuels 
6. Geothermal Power 
7. Wind Energy 
8. Biomass Energy 
9. Tidal Energy 
10. Hydrogen Gas 
Solar energy is called renewable or sustainable energy because it will be accessible 
as long as the sun shines.  
Another 4–5 billion years are estimated for the remaining existence of the sun's 
primary phase. The quantity of solar energy relies on a number of variables, including the 
degree of cloudiness, the magnitude of atmospheric absorption, and in particular the 
number of daylight hours at a specified moment of year. Places such as deserts are great 
locations for harvesting solar energy not only because there is very favorable insolation, 




Using photovoltaic (PV) cells, frequently called solar cells, we can convert solar energy 
straight into electricity. Most solar cells are thin silicon purified wafers. These cells can be 
linked to batteries or they can be linked to current electrical grid systems. 
Wind, biomass and biofuel, geothermal, hydro, tides, and waves are the other major 
renewable energies, which come from the sun. 
Wind power is an indirect type of solar energy, as variations in regional heating 
along with the planet's rotation drive the winds. The average wind velocity differs 
significantly from location to location, and the strength of the winds differs spatially and 
temporarily by an even higher quantity. The quantity of electricity that a turbine can 
produce relies on the length of its blades and the consistency and velocity of the wind 
around it. Long blades can sweep a big region, meaning they're hit by more wind than 
smaller blade turbines. They can capture more kinetic energy from the wind. 
Aerodynamics converts wind power to mechanical power. With significant wind energy 
penetration into the grid, wind turbines are now integrated into the mainstream generating 
power source. Commercially installed megawatt capacity wind turbine machines have 
been operating successfully for many years. 
Wind turbines can convert between 12 and 50% of the wind that passes through 
their blades into electricity, depending on the type of wind turbine and the wind 
circumstances.  
Hydropower is mainly a type of solar power that drives the water cycle of the planet 
and accounts for the flow of rivers and ocean waves.  
Hydropower can produce energy usefully across a wide spectrum of scales, ranging 
from the world's biggest power plants of any sort— the Three Gorges dam and 22,500 
MW power plant in China to a mere 100 W nanoscale hydropower plant – a factor of 20 
million times lower. Hydro's most significant use is standard or impoundment hydro 
power plant, where a dam is built to generate a reservoir. It can be harnessed to generate 
electricity when the water it includes is permitted to flow out in a controlled way. Not all 
types of hydroelectric power plants require a large dam, as in a run-of- the-river 




Tidal and wave energy is one of form of hydropower. Tidal power, also known as 
tidal energy, is a type of hydropower that transforms tidal energy into electricity or other 
helpful power types. Tidal energy is obtained from big water bodies' relative movement. 
The magnitude of the tide at a location also depends on the local geography of the seabed 
and coastlines. 
Waves are produced in open water whenever the wind speed exceeds approximately 
0.5 m/s. The wave crests move in the same direction at about the velocity of the wind that 
produces them. The longer the wind blows and the larger the water expanse over which 
the wind blows, the higher the height of the waves stroked by the wind. Waves have 
lengthy memories and will continue to go in the same direction for days after the wind has 
stopped blowing until they bump into something. 
Biomass is one of the abundantly accessible renewable energy that is spread almost 
uniformly across the world. It is living or dead plant and animal matter, the waste from 
such organisms, and the waste from society produced from these organisms. The stored 
chemical power contained in biomass is called bioenergy. 
Bioenergy is organic matter (biomass) power, all biological materials not integrated 
in (fossilized) geological formations. Biomass can be used as a fuel in its initial form or 
modified to various types of strong, gaseous or fluid biofuels. Bioenergy comes with 
traditional biomass (forestry and agricultural residues, for instance), contemporary 
biomass and biofuels. It reflects the conversion of organic matter into a source of energy; 
whether for this purpose it is obtained from the natural environment or specifically 
cultivated.  
In contrast to biomass energy sources, biofuels make use of animal and plant life to 
create energy. In essence they are fuels that can be obtained from some form of organic 
matter. They are renewable in cases where plants are used, as these can be regrown on a 
yearly basis. However, they do require dedicated machinery for extraction, which can 
contribute to increased emissions even if biofuels themselves don’t. 
Another clean and stable source is geothermal energy that is a heat generated and 




earth's crust, and heat trickling from the core of the earth through the mantle. Geothermal 
is an attractive renewable energy because it is "always on" whatever the weather. In the 
same sense as solar, wind and hydropower, geothermal power is not renewable (the 
decline of the radioactive elements that supply heat in the earth is limited, no more supply 
is available to maintain it). The difficulty with creating sustainable geothermal power is 
that the velocity at which heat travels through strong rock limits the rate at which heat 
from the red-hot interior of the earth can be sustainably sucked out.  
There are two kinds of geothermal power: the power at a normal place on the Earth's 
crust; and the power at unique hot spots such as Iceland. Geography dictates the 
worldwide distribution of the most productive geothermal sources, as this energy source is 
most abundant and available in locations on Earth close the limits of tectonic plate or in 
significant volcanic regions. 
Nuclear power is amongst the most abundant forms of alternative energy. It is based 
on nuclear fission – a nuclear change in which the nuclei of certain large-mass isotopes 
(such as uranium-235) are divided into lighter nuclei when neutrons strike. Two or three 
more neutrons plus energy are released each fission. These numerous fissions within a 
critical mass of nuclear fuel form a chain reaction that releases a huge quantity of energy 
that we can use to generate electricity in a nuclear power plant. Thirteen countries relied 
on nuclear power to produce at least a quarter of their electricity as of 2015 and there are 
currently 450 plants in operation throughout the world. 
Hydrogen is the universe's most abundant component. This component is also 
discovered in many organic compounds, including the hydrocarbons that make up many of 
our fuels, including gasoline, natural gas, methanol, and propane - hydrogen also itself can 
be produced using renewable power. Solar energy and biomass can be used to generate 
hydrogen more directly in the longer term (sunlight can provide the power needed to 
generate hydrogen directly or indirectly). Hydrogen may also join electricity as a major 
energy carrier in the future. An energy carrier is moving and delivering energy to 




Cities, countries, and federal governments around the globe are putting in place 
measures to boost renewable energy. More than 100 towns around the world now boast at 
least 70% of renewable electricity, and others are committed to reaching 100%. Fossil 
fuels are a finite resource even without climate change, and if we want to renew our planet 
lease, our energy will have to be renewable. 
As the issues that result from the use of traditional fossil fuels become more 
prominent, alternative fuel sources like the ones mentioned here are likely to gain further 
importance.  
Their benefits alleviate many of the problems caused by fossil fuel use, particularly 
when it comes to emissions. However, the advancement of some of these technologies has 
been slowed down due to the amount of investment needed to make them viable. 
 
Conclusion for Chapter 1 
 
 In the first chapter of the work, the structure of modern energy consumption of our 
country and the world analyzed and conclusions drawn about the dependence of the world 
economy mainly on oil, gas and coal complexes, and therefore it depends significantly on 
non-renewable energy sources. Having analyzed the consumption of Ukraine, we can 
confidently say about the country's energy dependence on energy exports from other 
countries.  This dependence and inefficient state policy in this area poses significant 
obstacles to the economic prosperity of the state, although the introduction of the green 
tariff in 2009 gave impetus to the development of restoration of energy sources as an 
alternative to fossil fuels. Modern economic development, in our time, is impossible 







FOSSIL FUEL PHASE-OUT CONCEPT 
 
 
2.1 The history of the idea of abandoning fossil fuels 
 
The nineteenth-century industrial revolution significantly enhanced living standards 
in many nations, but at the same moment it has unprecedentedly polluted the Earth. The 
demand for more and more energy to drive our industries, heat our homes and power our 
transportation and communications is the basis of these changes. The final global signal of 
environment degradation due to human activity was the Earth's climate change owing to 
human-caused carbon dioxide emissions.  
The human history of fossil fuel consumption can be split into four phases: 
1. Human history before the European Industrial Revolution when, in financial 
activity, fossil fuels did not play such important role (coal has been burned in ancient 
Greece, Roman Britain, Aztec Mexico and imperial China). 
2. From the beginning of the Industrial Revolution in the mid-eighteenth century to 
around 1870, when coal mining took center role (coal was used as a transport fuel and was 
the dominant source of energy for locomotives and steamships). 
3. From 1870 to the mid-twentieth century, during the second Industrial Revolution, 
fuelled by coal and to a smaller extent by petroleum and gas.  
4. From the mid-twentieth century to the present, when fossil fuel consumption 
increased and oil surpassed coal as the most widely used fuel. 
Nothing has shaped history of mankind more than our energy use. The origin of all 
energy on the Earth was the Sun activity for most of the civilization period. Agriculture 
was our primary source of energy before the huge energy returns on both energy and 
financial drilling investments have made the revolution in fossil fuel the largest event in 
economic history.  
The story of understanding problems started with Swedish scientist Svente 




dioxide emissions could warm the earth. Thomas Chamberlain's independent research 
supported this conclusion.  
During the 1950s, enhanced science surveys of the atmosphere and the oceans 
showed that extra carbon dioxide in the atmosphere would warm the world and that the 
oceans would absorb only about one-third of this. 
People became more aware of the importance of the environment during the 1980s. 
The discovery of the ozone hole in the atmosphere above Antarctica in 1955 showed the 
worldwide nature of climate change. In this situation, timely international action to 
prohibit the use of chlorofluorocarbons has been successful in preventing the risk.  
Since 1958, atmospheric CO2 concentrations have been continually evaluated. That 
year, the CO2 measurements were started by Charles Keeling (1928–2005). The 
atmosphere's carbon content has risen rapidly since it began to be measured. We have 
raised the CO2 content in the environment from 0.03% to 0.04% since the industrial 
revolution, and temperatures have risen below a degree Celsius, an increase that has 
happened at many points in history [6]. 
Fossil fuels have been the fuel of choice overwhelmingly from the 1970s to the 
present, especially for developing nations (Fig. 2.1).  
 





In 1977, Amory Lovins, commonly regarded as the leading energy thinker of the 
1970s for criticizing fossil fuels and nuclear power and supporting solar power and 
reducing energy use, stated that we had already been using too much energy. Later, in 
1998, Bill McKibben supported the scenario that demanded the reduction of current fossil 
fuel use by 60% in order to slow down disastrous climate change. 
Climate is determined by many natural causes and it is proved to be influenced by 
human behavior (Fig. 2.2). Extensive measurements have shown that there is a steady 
increase in atmospheric levels of carbon dioxide, methane and some other gases. 
 
Fig. 2.2. The impact of anthropogenic emissions on carbon dioxide atmospheric 
concentrations 
 
In the 1970s, higher fossil fuel prices concentrated the attention of governments on 
other ways of generating energy and on energy conservation. State financing for research 
and development is a good sign of renewable technology's comparative significance. 
OECD (Organization for Economic Co-operation and Development) nations spent 168 
billion dollars on nuclear studies and 22 billion dollars on renewables between 1974 and 
1992 [12]. 
Tanker accidents followed by an oil spill into the ocean made people think. The 
accidents involving oil tankers are especially severe not only because of the loss of lives, 
but also because of the severe environmental harm they cause. The first such disaster was 




northern France, this spilled 210,000 barrels of crude oil and spread over 300 km of 
beaches. 
Fossil fuels (coal, petroleum and gas) producing carbon dioxide (𝐶𝑂2) and other 
greenhouse gases dominate historical and modern energy systems. By 1960, the world had 
stepped into the manufacturing of nuclear power. Finally, the renewables of today 
(contemporary biofuels, wind and solar) are comparatively new, appeared in the 1980s and 
1990s. Fig. 2.3 shows the world electricity generation by source (1970-2016), and how the 
shares of alternative energy and fossil fuels in the global balance have changed. 
 
Fig. 2.3. Electricity generation by source in the world [5] 
 
The link between climate change and energy production shows how civilization is 
moving down a road that has never been trodden before. The world's economy and 
population grew faster than ever before during the twentieth century, and total energy 
consumption grew even faster.  
 
2.2 Reasons for the relevance of this trend 
 
Today, understanding our global energy situation is particularly difficult for most 
people. Of course, in numerous respects and on a regular basis, we all use petroleum and 
natural gas. These are incredible substances: they are energy-dense and chemically 




so it was evident from the beginning that we were actually stealing from the future as we 
bought and burned them. 
The environmental cost from burning fossil fuels on the Earth and its natural 
systems include: destruction of biodiversity by agriculture and industry; nitrogen cycle 
disturbance (nitrogen circulation through air, soil and water); and ocean acidification. But 
the biggest effect is the shift in the chemical composition of the atmosphere by releasing 
greenhouse gases. Fossil fuel power stations also release many toxic substances into the 
atmosphere that ultimately fall down as acid rains, killing trees and altering rivers and 
lakes' ecology. The impacts of these emissions on the atmosphere are accountable for 
global warming. There are three causal connections between consumption of fossil fuel 
and the effects of global warming: 
1. The burning of particular amounts of fossil fuels generates particular amounts of 
greenhouse gases; 
2. Over time, emissions of greenhouse gasses trigger global warming; 
3. The global climate warming is seen and measured by increase in global average 
temperature and variety of changes in natural phenomena, such as rising sea level, melting 
ice, weather volatility and climate change. 
The world economy now produces more than 100 billion tons of CO2 every three 
years – which is likely higher than the entire nineteenth-century CO2 emissions. The first 
decade in this century (2000–2009) was the warmest decade since 1881. 
Some estimates of dramatic global warming (and ultimately catastrophic climate 
change) indicate that CO2's greenhouse impact in the atmosphere will considerably 
increase the growth of water vapor in the atmosphere, which could cause much more 
warming than CO2 acting alone. The forecast of catastrophic climate change is based on 
the concept of extreme weather caused by warming (like the future sea level rise, 
hurricanes). 
The average sea level of the world grew 19 centimeters during the 20th century, 
mostly due to runoff from melting land-based ice and ocean water expansion as its 




hurricanes increasing, it is anticipated that hotter ocean temperatures and greater sea 
concentrations increase their impact. 
A number of science research and significant climate models suggest that we 
increased CO2 concentrations lead to acidification of ocean water, which gradually kills 
marine inhabitants and entire ecosystems, such as coral reefs. 
Coal has major drawbacks. Coal mining is hazardous for human health and many 
miners suffer from debilitating illnesses like silicosis. The atmospheric pollution created 
by coal burning is very dangerous for the entire population. Pollution from a coal-fired 
power plant depends on the quality of the coal, but in a typical case, a coal-fired power 
plant emits about 11 million tons of carbon dioxide, one million tons of ash and other 
chemicals each year. The sulfur dioxide released from a coal-fired power plant causes 
around 25 fatalities per year. 
Coal pollutants influence all main body organ systems and lead to four of the top 
five death causes: heart disease, cancer, stroke, and obstructive chronic respiratory disease. 
Every step in carbon lifecycle mining, transportation, washing, ventilation, and post-
combustion waste management affects human health. Air pollution from coal-fired power 
plants in the United States is estimated to cause more than 13,000 premature fatalities 
annually, mostly in the country's coal-dependent localities. Coal pollution causes more 
than 20,000 heart attacks and 217,000 annual asthma attacks [53]. 
Industrial energy economies are so deeply dependent on fossil fuels that even the 
fastest possible growth in wind, solar and other renewable energy industries cannot 
significantly replace oil, coal and natural gas for at least several centuries. Non-renewable 
sources such as coal and oil currently generate most of the energy used. This increases the 
issue of what to do when they become exhausted instantly. 
Society is moving away from fossil-fuel-dominated systems one way or another. In 
electricity generation, the development of renewables is a true and substantial sign of the 
potential of non-fossil energy production systems. But, some basic problems need to be 




• How to sustainably grow food without inputs of fossil fuel and without eroding 
topsoil or increasingly scarce fresh water supplies; 
• How to sustain seven billion individuals without depleting natural resources – 
including forests, fish, and mineral and metal finite stocks; 
• How to restructure our economic system. 
We cannot understand precisely what is to come, but it is evident that moving away 
from fossil fuels is going to be far more destructive of our present economy than almost 
everyone expects. 
The International Energy Agency estimates that the scenario shown in Fig. 2.4, 
designed to meet expected future energy demand while offering a coin-flip chance of 
limiting warming to 2°C, would require extra worldwide energy efficiency and generation 
investment of around $160 billion per year over the current decade, increasing to $1.1 
trillion per year by 2035 [15].  
The phasing out of fossil fuels on a global stage is now well under way. Proposals 
are more common today than ever to limit fossil fuels.  
 
Fig. 2.4. A scenario modeled by the International Energy Agency illustrating what 
techniques and efficiencies might be needed to reduce emissions by the rate required (the 
bottom line) compared to previously announced policies (the top line). CCS - Carbon 





Without some kind of worldwide agreement to restrict the use of fossil fuel, such 
scenarios (induced above) would not be plausible. It is clear that the only reliable way to 
remain within permissible global carbon emissions is a global agreement specifically 
designed for that purpose. But, this scenario is possible and we should to try implementing 
it for green future of our planet. For instance, according to the Stop Global Warming 
organization, just turning down the home thermostat in the winter by two degrees and up 
by two degrees in the summer can reduce carbon emissions by 907 kg a year. 
 
2.3 Legislation and initiatives to phase out fossil fuels around the world 
 
Today, the dominant power source in industrial countries is fossil fuels— coal, 
petroleum, and natural gas. The next major shift in power sources began in the twenty-first 
century— from non-renewable fossil fuels to renewable sources of electricity. The nature 
and pace of this shift will be significantly influenced by government policies. 
Several media outlets published an article on June 8th, 2015 that the Canada, 
France, Germany, Italy, Japan, the UK, and the US agreed to phase out fossil fuel use by 
2100 - the initiative called “Parish Agreement”. It is a significant international agreement 
as we enter a fresh era of climate change because the arrangement shows that nations 
around the globe can come together to tackle shared issues that will influence us all. This 
very important agreement entered into force on November 4th, 2016. As of spring 2019, 
195 members of “The United Nations Framework Convention on Climate Change” have 
signed the agreement, and 186 have become party to it [39]. The Paris Agreement is likely 
the best possible result that could have been accomplished in view of the government 
parties ' historic impasse. 
Three years after the adoption of the Paris Agreement, global climate action is not 
yet sufficient to limit global warming to well below 2 degrees Celsius and to pursue efforts 
to limit warming to 1.5 degrees. In order to implement the agreement, members must 
improve their ambitions and take concrete measures to indirectly contribute to the global 




that wants to be produced cheaper than fossil fuels. The findings of CCPI (Climate Change 
Performance Index) 2019 demonstrate the primary regional differences in climate 
protection and efficiency in the 56 nations assessed and the EU. The map shows the 
aggregated results and overall performance of countries including Ukraine (Fig. 2.5). This 
year Ukraine took the 18th place in the ranking (with medium rating), leads Sweden, 
Morocco and Lithuania. However, no nation is doing enough to avoid harmful climate 
change [23]. 
 
Fig. 2.5. The ranking by the aggregated performance of 14 indices in the four 
categories of "GHG Emissions," "Renewable Energy," "Energy Use" and "Climate Policy" 
[23] 
 
Coal continues the single biggest source of energy to produce electricity globally, 
cheap, plentiful and the most polluting of fossil fuels. The disadvantages of coal are so 
serious that our dependence on fossil fuels must be reduced. 
 In collaboration with 24 domestic and regional governments committed to phasing 
out coal, the United Kingdom and Canada jointly initiated a successful initiative called the 
Powering Past Coal Alliance. Launched at the UNFCCC Conference of the Parties in 
2017, they are committed to "phasing out current unleashed coal generation and 
implement a moratorium on fresh coal generation without operational carbon capture and 
storage". According to the “phasing out” members must carry out full implementation by: 
• by 2030 Organization for Economic Co-operation and Development 
countries; 




• by 2050 Rest Of World 
Further shown two examples of countries and their initiatives of coal’s phase out: 
The world’s leader of coal is China. The country consumes half the world’s coal. 
Spurred by public outcry about air pollution, the country is now also the world leader in 
installing solar and wind power, and its central government has attempted to slow down 
development of coal-fired power plants. 
Germany is European Union’s largest greenhouse gas emitter. Coal power in the 
country still accounts for about a third of electricity generation. In January 2019, 
Germany's plans to phase out and shut down the remaining 84 coal-fired plants on its land 
by 2038 are initiated by the German Commission on Growth, Structural Change and 
Employment [39]. 
Oil (petroleum products) products assist us do a lot of stuff. We use them for fueling 
our aircraft, vehicles, and trucks, heating our homes, and making products such as drugs 
and plastics but over the years there has been enhanced concern about the oil industry's 
environmental impacts. 
About 10 nations and approximately twenty cities around the globe have suggested 
banning future sales of passenger cars powered by fossil fuels such as petrol, liquefied oil 
gas and diesel. There are some of these initiatives: 
• The strategy of Japan is based on the strong belief that hydrogen can be a crucial 
reaction to its problems of energy and climate. The strategy mainly seeks to attain 
hydrogen's price parity with competing fuels, such as transportation gasoline and 
electricity generation liquefied natural gas. 
• The Irish government is planning to prohibit the sale of new petrol and diesel cars 
as part of a significant environmental protection policy by 2030. 
• France also said that by 2040 it would prohibit petrol and diesel car sales. 
Initiatives include prohibiting further licenses in France and its overseas territories for oil 
and gas exploitation [39]. 





Other world policy five alternatives to encourage a shift to renewable energy for 
fossil fuels phase out include: 
1. Research and development for energy; 
2. Tariffs for feed-in; 
3. Renewable sources subsidies, including favorable tax provisions and terms of 
loans; 
4. Objectives of renewable energy; 
5. Improvements in efficiency and standards. 
There is an urgent need for new strategies in this very different world. The climate 
change side's main focus— and the only severe reason for optimism— may lie with fresh 
and emerging technologies. With very little basic technical change, the energy industry is 
shifting from a century to one where almost every dimension is being deeply disrupted. 
The future of everybody is at risk. We need all nations to take climate ambition much 
more seriously. 
 
2.4. Current state of implementation of the alternatives to fossil fuels 
 
Over the centuries, engineers and scientists around the world have shown endless 
ingenuity in reducing the amount of energy needed to achieve a specific outcome. These 
allowed us to become richer by extracting more utility from each available energy unit. 
We create energy more productive when we enhance energy efficiency, because each drop 
of oil or lump of coal can do more work. Alternative sources of energy, efficient 
techniques and voluntary carbon savings are one way of reducing fossil fuel use and clean 
atmosphere. 
A global shift from fossil-fuel energy to renewables use is not an easy task, as it 
depends on new techniques, enabling low-cost wind and sun energy capture and transfer to 
human markets. In terms of renewable power use, three nations – China, the United States, 
and Germany – are ranked number 1, 2, and 3 on the globe. Together, China and the US 




term of percentage the most “green” are Norway and Iceland. Norway produces 99% of its 
energy from hydropower, while Iceland obtains 100% from renewable sources — both 
hydropower and geothermal. With non-hydro renewables as the manual, Spain, Denmark, 
Germany, and the United Kingdom seem to be the world leaders in the shift to renewable 
energy as outlined in Table 2.1. Denmark's wealth development decoupled from fossil fuel 
development as the country struggled to create a fresh economic strategy. 
 
Table 2.1.  
Countries with high renewables transitions (non-hydro renewables) [14] 
Country Renewables in Power, 2015 Goal 
Spain 47 % 70% by 2030 
Denmark 40 % 100% by 2035 
Germany 32 % 40% by 2020 
United Kingdom 24 % 30% by 2020 
 
BNEF (Bloomberg New Energy Finance) has conducted a detailed assessment of 
the worldwide and regional trends (Fig. 2.6). Its evaluation is that renewables will become 
the dominant source of energy on the globe by 2040, replacing coal and gas. Over the 
previous few centuries, prices for fossil fuels, particularly oil and gas, have been highly 
volatile, and investors can now see a more reliable renewable energy choice. 
 
Fig. 2.6. Globally installed energy capacity by type of technology, demonstrating 





The decision for the world is simple: invest in the future or in the past [52]. There 
are some different ways, technologies and world innovations for abandoning fossil fuels 
and clean environment:  
1. Solar photovoltaics and Wind turbines as new power generation sources; 
2. Zero net energy houses as a way to reduce domestic energy consumption; 
3. Electric vehicles as a mean to reduce direct fuel use on transport; 
4. Biomass as a substitute of traditional fossil fuels; 
5. Carbon capture as a mitigation of previously released and future CO2; 
6. Investments in new renewables technologies as an approach to provide future 
demand growth; 
7. Energy-efficient techniques as a fundamental element of energy safety. 
 Every day the sun shines, offering nearly unlimited, clean and free fuel at a cost 
never changing. The International Renewable Energy Agency has already credited 220 
million to 330 million tons of annual carbon dioxide savings to solar photovoltaics, and it 
is currently less than 2% of the worldwide energy mix [52]. In Germany, 1.4 million solar 
systems have been built with a combined generating ability of 36,000 megawatts, more 
than a quarter of the world's capacity. The solar share of Germany grew to almost 7% in 
the first 11 months of 2014 [53]. Another ambitious domestic solar target comes from 
Saudi Arabia, where some 41,000 megawatts of solar power are planned to be developed 
by 2032. They could supply up to two-thirds of Saudi Arabia's energy if these crops were 
in service today [53]. 
 Today, almost 4% of global electricity is supplied by 314,000 wind turbines. The 
six major countries for installed wind capability are China, the U.S., Germany, Spain, 
India, and the United Kingdom, collectively accounting for 76% of the complete globe. 
Ten million homes are powered by wind in Spain alone, China alone brought nearly 31 
gigawatts of new capacity and Denmark now provides wind energy to more than 40% of 
its energy requirements. Power lines are being built to connect remote wind farms to high-
demand areas. Although wind power continues to be used for agricultural purposes, 




A net construction (house) with zero net energy consumption is the one that 
produces as much energy as it uses a year. It can produce surplus electricity in a few 
months. Net zero neighborhoods, districts and communities are being intended and built, 
such as the affordable housing project Kaupuni Village in Hawaii and the solar city 
Sonnenschiff in Freiburg, Germany, which generates four times the energy it consumes. 
 Unlike the manufacturing, commercial, and residential industries, the economy's 
transportation sector is almost completely dependent on one source of energy: oil. Most of 
the world's oil consumed is for transportation. However, transport can phase out oil 
quickly. There are three alternatives: electric vehicles and renewable fossil fuels - biofuel 
and renewable gas. 
The electric vehicle (EV) is increasingly the preferred choice. Worldwide 
government programs encourage the purchase of electric cars. From 2014 to 2015, sales 
jumped, from 315,000 to 565,000 electric vehicles [52]. Two-thirds of the world's EV 
revenues are in the three biggest passenger car markets: the US, China, and Japan.  
Instead of releasing fossil-fuel carbon that has been far below ground for eons, 
biomass energy generation trades in already circulating carbon, cycling from atmosphere 
to crops and back again. At current, more than any other renewable energy, biomass fuels 
2 percent of worldwide electricity manufacturing. Bioenergy is 20 to 30% of the domestic 
generation mix in some countries – including Sweden, Finland, and Latvia – nearly 
supplied completely by trees. In China, India, Japan, South Korea, and Brazil, biomass 
energy is on the increase.  
Finland is one of biomass power's world leaders. The primary drivers of biomass 
use in Finland are its absence of alternative energy sources, cold weather, and the 
availability of biomass waste from the large forestry, wood products, and paper sectors in 
the country. 
Fossil fuel regulation and alternative power advancement are strongly linked. Every 
policy that puts pressure on carbon emissions brings investment and alternative 




plants and more futuristic ambient air capture technologies for removing carbon directly 
from the atmosphere – is the key to unlocking international progress on climate change. 
 Carbon capture includes trapping and isolating carbon dioxide from its source of 
emissions to a storage place (generally deep underground). This implies that we can 
possibly capture surplus CO2 from the power plant and create greener energy. The UK's 
greatest carbon capture project will quickly prevent thousands of tons of manufacturing 
emissions from contributing to the climate crisis. A chemical plant in Cheshire (UK) could 
keep 40,000 tons of carbon out of the air every year within 2 years. In the aggregate, the 
government is planning to spend £26 millions to spur "vital" carbon capture initiatives if 
the United Kingdom hopes to achieve its objective of reducing carbon emissions to net-
zero by 2050 [27] 
The expansion of renewable energy, such as wind and solar power, is a main factor 
in enhancing air quality and opportunity of abandoning fossil fuel. Last year was the 
eighth in a row in which worldwide renewable power investment surpassed $200 billion – 
and the world has invested $2.9 trillion in green power sources since 2004. Fig. 2.7 shows 
the most “popular” renewable technologies for investments in the world. Now, China, 
Europe and the U.S. are the top three markets for renewables investment. 
 




To date, the 21st century has been characterized by significant modifications in our 
understanding and use of energy. Energy efficiency is an important component of fuel 
economy. Energy-efficient techniques can be discovered in all areas of the energy 
transformation chain: from primary energy resource exploration and manufacturing to 
electricity generation and oil refineries to electricity grids, to end-use in sector, buildings 
and transport. 





Implementing energy-efficient interventions at all phases of the supply / demand 
chain could considerably decrease the adverse effects of energy use on environment and 
human well-being, and boost the supply of primary energy resources while at the same 
time achieving maximum output advantages from the energy available. 
Germany is the world's most energy-efficient country. Germany's world ranking is 
due to the reality that German leaders agreed 15 years ago to gradually remove the nation 
from fossil fuels and nuclear power. Italy is close to Germany in the ranking. This is 
because Italy intends to boost renewable energy generation from all renewable sources to 
26 percent of all electricity generated by 2020, according to its domestic energy strategy. 
They have also decreased the use of coal and oil. 
 
Conclusion for Chapter 2 
 
In the second section of this work, the concept of fossil fuels phase-out was 
considered as an important component in understanding the reasons for the need to change 
the main fuel components of the energy complex. The history of the idea was examined by 
stages: from the beginning of industrial revolution - the starting point of the global use of 




The reasons that prompt the world to pay attention to this problem are emissions of 
pollutants and greenhouse gases, leading to changes in climate, biodiversity loss and 
health threats. 
  The need to introduce legislative initiatives regulating this industry is shown for 
both Ukraine and the whole world. An important step for the world community was the 
signing of the “Paris Agreement”, which entered into force in 2016 and aims to phase out 








 PROSPECTS FOR REJECTING FOSSIL FUELS IN UKRAINE 
 
 
3.1 The current level of energy consumption and energy supply in the country 
 
Ukraine has about 45 million individuals making it the 32nd most populous country 
in the world. Our country consumes about 182 TW*h/year of electricity from different 
sources. Ukraine oil products are almost exclusively used in the transport sector, while are 
not exploited in the electricity and heat generation activities. 
Energy and electricity have become key elements and drivers in the modern world. 
Understanding energy demand and supply trends is important for energy policy making. 
The present power mix in Ukraine depends strongly on fossil fuels and nuclear power, 
which together account for more than 90% of the country's power supply. At the moment, 
the complete share of renewables is around 8% (approximately 6% is hydropower) (Fig. 
3.1). 
 
Fig. 3.1. Total energy productions (left) and total energy supply (right) in Ukraine 
[5] 
 
It is well known that electrical-power generation is the key factor for advances in 




for individuals to enjoy a high quality of life in our high-energy community. 
In general, electricity can be generated from non-renewable and renewable energy 
sources. There are three major industries of electricity generation in Ukraine: 
1. Nuclear power plants; 
2. Thermal power stations (dominant use of coal); 
3. Hydroelectric power stations 
Nuclear power in our country is the most important source of electricity generation 
– it provides 45.5% of electricity, while coal gives 38%, gas generation 9.6% and the rest 
is based on renewable sources, mainly on hydropower plants – 5.9%) (Fig. 3.2). 
 
Fig. 3.2. Electricity generations by source in Ukraine [5] 
 
Ukraine depends highly on nuclear power – it has 15 reactors that generate about 
half of its electricity. In the long run, nuclear power will stay competitive relative to other 
kinds of electricity generation in Ukraine owing to its economic efficiency. The Ukrainian 
energy strategy to 2030 was updated in mid-2012 and a fresh nuclear capability of 5000 to 
7000 MW (megawatt electrical) was suggested by 2030, costing some $25 billion. The 
new government created in 2014 verified these goals and said Ukraine intended to 
integrate with the European electricity grid and gas network in order to make the nation 
part of the European energy market by 2017. In August 2017, another update of the power 
plan placed the nuclear share of electricity at around 50% by 2035, with hydro-13% and 




A thermal power station is a power station in which heat energy is converted to 
electric power. As of 2016, heat generation is an absolute champion in terms of installed 
ability, with a share of 47.6% of national assets, while these plants cover more than 30% 
of energy manufacturing [26]. Their overall working principle includes the combustion of 
pulverized coal to achieve high-energy steam that puts turbines generating energy into 
practice. 
Hydroelectric power plants take the third position after heat and nuclear energy in 
Ukraine's energy complex. The Ukrainian HPS' total installed capacity is presently 8% of 
the country's combined energy system's total capacity. The largest Ukrainian hydroelectric 
power station is “DniproGES”, the capacity of all units of which is 1539.8 MW [26]. 
Ukraine is partially resourced with its own traditional fuel and electricity, so it 
requires substantial fuel and power imports. Over the previous few years, the share of 
imports in Ukraine's complete main power supply has been around 38%. Table 3.1 shows 
total primary energy consumption and supply and clearly show the dependence of Ukraine 
on imported fuel. 
Table 3.1. 
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The new energy strategy for Ukraine was introduced in August 2017. The approach 
sets out three execution phases: by 2020, by 2025 and by 2035. Completing a reform of 
the gas and electricity industries, increasing national output of natural gas, developing the 
coal market and reforming coal mining in particular is scheduled during the first phase. 
Renewables are expected to account for 8% of main power production by 2020. The final 
phase of execution of the strategy needs Ukraine to introduce a domestic greenhouse gas 
trading scheme, reduce emissions and boost the share of renewables in total main power 
production to 25% [20]. 
In recent years, the use of renewable energy sources has become more wide- spread 
in Ukraine, but today, Ukraine’s “green” energy is still in the process of development. By 
2035, Ukraine is planning to increase the RES (renewable energy systems) share by 7 
times. Current technological set-up and relative volumes of RES in Ukraine, however, do 
not allow thermal power generation capacities to be completely replaced by renewable 
energy. 
The trend towards rapid growth rates of connecting renewable energy facilities to 
Ukraine's UES (United Electrical Energy System) electrical networks is stipulated in 
Ukraine:  
1. Development of the RES (Renewable Energy Systems) market and relevant 
global trends;  
2. Presence of support for new RES objects through the green tariff (due to this 
tariff Ukrainian solar power generation industry developing, the Fig. 3.3 shows this 
dependence). 
 
Fig. 3.3. Number and general capacities of solar power station plants working under 




Due to the political and economic difficulties that Ukraine has faced in recent years, 
energy efficiency and the development of renewable energy sources have become a matter 
of energy sovereignty and the country’s wider security. Ukraine has a strong ability to 
exploit the energy industry transformations by adopting a large share of renewables 
development strategy that can benefit both the economy and the environment. Our country 
should not only concentrate on current priorities, but also address problems that will shape 
its future transformation, taking worldwide energy trends into consideration. 
 
3.2 Availability of fossil fuel in Ukraine 
 
Ukraine was estimated to possess natural gas reserves of 1.1 trillion cubic meters in 
2017, which is 0.5% of global gas reserves. It is estimated that Ukraine's natural gas 
reserves could be even several times larger. In particular, this applies to unconventional 
gas (shale gas, methane carbide, tight gas sands). Total proved reserves of coal in Ukraine 
at the end 2017 were 34,375 billion tons, which is 3,3% of global coal reserves. Proved 
Reserves of oil are: 395 million bbl (barrel) [21]. 
Historically, Ukraine has been a leading producer of oil worldwide. Most of its 
petroleum reserves, however, are now exhausted. The Carpathian, Dniprovsko-Donetsky 
(Dnieper-Donets) and Pry-chornomorsko-Krymsky areas still contain oil and natural gas.  
Ukraine has the third largest confirmed natural gas reserves in Europe, despite the 
decline in domestic extraction. At the same time, Ukrainian gas deposits have increased by 
more than one-third over the past decade when measured according to international 
methodology. The reserves currently in place mean that Ukraine can significantly improve 
its production. Up to 80% of confirmed gas reserves are located in the region of Dnieper-
Donets (mainly in the provinces of Kharkov and Poltava), where 90% of Ukraine's gas is 
extracted. 
Active work is underway to study the prospects for unconventional hydrocarbon 




volume of shale gas in Ukraine is 15.3 trillion m3, of which 9.4 trillion m3 accounts for the 
Eastern oil and gas producing region and 5.9 trillion m3 - to the West [36]. 
Coal bed methane is a natural gas in seams of coal that is extracted without coal 
mining. Main sources of Ukrainian methane coal seams are situated in the coal basins of 
Donetsk and Lviv-Volyn. Total estimated reserves of methane coal seams in the country 
are 12-13 trillion m3, of which 3-3.5 trillion m3 are methane reserves for recoverable coal 
beds [37]. Coal bed methane is not presently being collected in Ukraine, but the use of 
contemporary technology for hydrofracking could likely make methane extraction from 
industrial coal beds a reality in the near future. 
Ukrainian coal is renowned for its high quality throughout the world. Most of these 
high-quality coal reserves are in the Donets'k coal basin, which has an area of over 50,000 
km2 rich in coal reserves. Most of the reserves consist of thermal coal, coking coals 
account for about 30%. Difficult mining and geological circumstances characterize the 
deposits of coals. Over 60% of total coal reserves are buried at a the depth of more than 
900 m, with the maximum depth of more than 1500 m. Currently, the current state of the 
coal mining industry and its position in our country are of topical interest due to the 
geopolitical situation in Ukraine and, in fact, is an open issue. Under these circumstances, 
coal mines subordinated to the Ministry of Energy and Coal Industry of Ukraine reduced 
their coal production by 62% in 2015 (Fig. 3.4). 
 
Fig. 3.4. Dynamics of coking and thermal coal production in Ukraine in 2000 – 





Peat is a significant energy opportunity for Ukraine. Area of peatlands in Ukraine is 
10 000 square kilometers, over half of these are situated in the north of Polesia. The other 
primary peat deposits region is the Dnieper Valley, especially on the eastern side of the 
river. Excavated peat is used mainly as a local fuel (peat briquettes) in housing and rural 
regions. Peat briquettes are a worthy alternative to traditional fuels, such as diesel fuel, 
coal, gas, firewood and sawdust briquettes, as the price of thermal energy produced from 
the briquetted peat is 10-30% lower. 
Long before many other nations – almost 250 years ago – Ukraine started 
manufacturing of industrial petroleum and gas. Annual gas manufacturing achieved its 
peak of nearly 70 billion cubic meters in 1975, more than twice the present annual total 
gas consumption in Ukraine (Fig. 3.5). In the twentieth century, Ukrainian oil and gas 
industry boomed. This boom started when the Dashava gas field, ranked the biggest in 
Europe at the moment, brought the first gas pipeline into service. The natural gas industry 
in Ukraine has evolved at rates that have made it famous across Europe and around the 
world. 
 





 Over the 20 years of independence, a lot of minerals have been extracted from the 
bowels of Ukraine, but the country has retained a high potential of a mineral resource 
base. Table 3.2 shows volume and number of years with there will be enough reserves for 
our country (approximate calculations, may change over time). 
 
Table 3.2. 
The confirmed amount of energy resources in Ukraine and number of years for 
which there will be enough reserves at current production levels [26] 
№ Energy 
Resource 
Volume Number of years for which there will be enough reserves 
at current production  levels 
1 Gas 0,6-1.1 trillion cubic 
meters 
33 
2 Coal 34,375 billion tons 834 
3 Uranium 0,1  mln. tons 115 
4 Oil 395 million bbl 25 
 
Scientific research significance is clarified by Ukraine's critical energy reliance on 
external energy sources. Ukrainian dependence on the import of expensive energy 
resources leads to considerable socio-economic problems. The nation relies highly on 
imports to satisfy its energy requirements, particularly for oil and gas. 
Ukraine needs gas self-sufficiency by 2020, which implies 35% more output. Under 
this program, as quickly as 2020, the quantity of gas obtained will rise from the present 20 
billion cubic meters to 27 billion cubic meters [35] (Fig. 3.6). In combination with 
increased energy efficiency, this would allow Ukraine to become self-sufficient in terms of 
gas production and even export gas in the years to come. Government forecasts indicating 
rise in gas extraction in such a short time are not very realistic, but it seems likely that 
manufacturing will be able to achieve a level that will make Ukraine independent of 





Fig. 3.6. Ukraine gas extraction forecast for up to 2020 [35] 
 
Still, the economy of Ukraine continues to be Europe's most energy-intensive. The 
country has to import raw materials, primarily fossil fuels, with such enormous demand 
for energy. Data from the International Energy Agency (2018) show that 75% of the diesel 
and heating oil consumed, 40% of the natural gas and 35% of the coal are imported 
because the current domestic production cannot meet the requirement. Figure 3.7 shows 
current self-sufficiency in Ukraine. 
 
Fig. 3.7. Energy self-sufficiency in Ukraine [5] 
 
While achieving energy self-sufficiency remains unrealistic, this does not mean that 
Ukraine should sit idly by in the face of the economy’s vulnerability to oil and gas prices 
spike. Self-sufficiency could do by developing its shale gas reserves, extracting coal bed 
methane and improving its own existing gas production wells, but in the future priority 




3.3. Ukraine's ability to meet its energy needs through alternative energy 
sources 
 
Over the last years, Ukraine has significantly improved its position in the field of 
renewable energy development. Significantly increased production of wind, solar and 
bioenergy and gives hope for the possibility of future based on renewables. Increasing the 
use of renewable energy sources and alternative fuels is an important part of Ukraine's 
strategy for saving on traditional fuel and energy resources and reducing the impact on the 
environment. We can define three main drivers for using renewable energy: energy 
security, economic impacts, and CO2 emission reductions. 
The main direction of world energy development is already visible: the world is 
entering the phase of an energy transition to widespread use of renewable energy sources 
and the displacement of fossil fuels, under the influence of changes in energy policy and 
the development of new technologies. How easily will that happen in Ukraine? There are 
many forecasts for the development of the renewable energy industry in Ukraine – it is 
possible to consider several of them (Table 3.3): 
- According to resolution of the Cabinet of Ministers of Ukraine in 2017 “Security, 
Energy Efficiency, Competitiveness” strategy the total estimated capacity of renewable 
energy sources in our country including nuclear by 2030 its approximately 45,5 Mtoe, 
without nuclear power - 15,5 Mtoe [41].  
- For the same year, REMAP “Renewable Energy Prospects for Ukraine” gives a 
more optimistic forecast with the maximum technically achievable use of renewable 
energy sources potential. This international agencies program determines the renewable 
energy potential of different countries including Ukraine [44].  
- National Institute of Technical Research in Kiev gives the most positive outlook 
80 Mtoe based only on renewables. This potential is quite significant, technically 







Table 3.3.  























Coal 14 13 - - 
Natural Gas 27 28 - - 
Oil 8 7,5 - - 
Nuclear Power 28 27 - - 
Biomass, biofuel 
and waste 
6 8 21,7 31 
Solar and wind 
power 
2 5 19,2 34 
HPP 1 1 7 3 
Geothermal 
Energy* 
1 1 8,4 12 





The use of renewable energy sources is a priority way of building sustainable 
energy systems in Ukraine today. Now it is not only wind, solar, hydro and biomass that 
get attention. Investment projects efficiency in renewable power depends on forecasting 
electricity generation of any renewable energy source on a specific territory. Fig. 3.8 
shows current situation of renewable energy sources prevalent in different regions of 
Ukraine and clearly shows the predominance of solar energy in the renewable industry 
over others. 
 




In this section, 6 possible ways of developing alternative energy to replace fossil 
sources will be considered: 
1. The increase in nuclear energy to the maximum; 
2. Capacity building for wind energy; 
3. Solar Energy Capacity Building; 
4. The use of geothermal energy; 
5. Bioenergy use; 
6. The introduction of "energy mix" from renewable energy sources. 
 
Nuclear power is already a known source of low carbon power generation. Whether 
or not it's an actual source of renewable energy is up for discussion. In 2018, the total 
production at nuclear power plants in our country amounted to 21,244 Mtoe - 22% of the 
total energy demand of our country (94,383 Mtoe) [5]. These 22% is provided by 4 
nuclear power plants operate in Ukraine: 
- Zaporizhzhya NPP - 6000 MW 
- Rivne NPP - 2835 MW 
- South Ukrainian NPP - 3000 MW 
- Khmelnitsky NPP - 2000 MW [46] 
As for the full ability to meet of Ukraine’s needs through nuclear energy, this issue 
is very difficult and even to a certain extent possible with gigantic funding for the 
construction of new NPP, but not advisable. 
Wind is only effective as an energy source in areas with strong and steady winds. 
Our country has good wind capacity, focused mostly in the south on the Black and Azov 
coasts and in the Carpathian and Crimean mountains. An analysis of long-term 
observations of weather stations indicates that in Ukraine wind flows prevail with average 
annual wind speeds of 5 m/sec, which is economically feasible for the development of this 
industry. In terms of the use of wind energy on land, the most favorable regions are the 
Crimea, the Carpathians, the coast of the Black and Azov seas (Odessa, Nikolaev, 




factor to consider is the cost of wind power plants construction, which may reach $1-$4 
million to install (depending on many factors) [51]. 
Solar is one of the territory’s most popular renewables, but it is affected by changes 
in weather patterns changes in various seasons. The insolation of Ukraine, according to the 
available maps, is from 1150 to 1550 kW/m2 [40]. The maximum exposure is in the 
southern regions - Odessa, Kherson, Nikolaev. Ukraine's position contributes to solar 
projects; the insolation of our country is far higher than that of Germany– Europe's pioneer 
in solar power generation. However, the solar estimated potential (theoretical potential) 
significantly reduces when technical, economic, social and environmental factors and 
constraints for the deployment of solar energy systems are considered.  
Wind and solar industries in the future, together will be able to occupy of the 
leading position in the production of environmentally friendly energy in Ukraine. There 
are many theories about how quickly the transition to renewable sources as wind energy 
will occur and to what extent. The Fig. 3.9 below shows the capabilities of this wind and 
solar industries in Ukraine (based on different theories and perspectives). 
 
 
Fig. 3.9. Capabilities of Wind and Solar industry in Ukraine comparison [41, 44, 45] 
 
Geothermal energy is characterized by geothermal gradient, which is less than 




8.4°C/100m) are observed in the Transcarpathian basin, the central part of the Crimean 
Peninsula, on the coast and the Black Sea [50]. 
According to Strategy of Ukraine for the period up to 2035 “Security, Energy 
Efficiency, Competitiveness” on 2015 Ukraine produced 0,5 Mtoe of geothermal energy, 
which amounted to 0,5% of the country's total consumption. According to the strategy of 
the Cabinet of Ministers of Ukraine for 2035, this figure will not increase too much and 
amount to 4 Mtoe, according to more optimistic forecasts and realizing the maximum 
potential of Ukraine, this figure may increase to 8.4 -12 Mtoe. Based on the data presented 
above, the graph below (Fig. 3.10) shows the theoretical possibilities for the development 
of geothermal energy and, on what share Ukraine will be able to satisfy its total needs 
(based on data on total consumption for 2018 [5]. 
 
Fig. 3.10. Capabilities of geothermal energy production in Ukraine based on 
national and other strategies [41, 44, 45]  
 
Unlike wind, solar and other renewable energy sources, biomass can have a 
beneficial effect on our environment by lessening our reliance on fossil fuels that cause 
climate change. Ukraine has great potential for biomass available for energy production, 
which is a good prerequisite for the dynamic development of the bioenergy sector. 110-
120 million tons of biomass feedstock are generated annually in Ukraine (cereal trawl and 
other crop waste, animal and agro-industrial waste). Of the total amount, about 54 per cent 




production of electricity and heat [47]. Geography potential of biomass energy in Ukraine 
characterized by specific waste resource:  
• The Ukrainian’s northern and western regions have extensive and dense vegetation 
including coniferous and deciduous forests. 
• Numerous agro-industrial sites and vast agricultural areas are characteristic of the 
central and Southern parts.  
• Large amounts of secondary biomass generates in the eastern part of the country 
by well-developed industrial and agro-industrial sectors.  
For Ukraine, bioenergy is one of the strategic directions of development of the 
renewable energy sector and the first steps already been taken. In our country, there are 
already 5 power plants operating on solid bimass and 5 working on biogas of agricultural 
origin [48]. According to the data of “World energy Balances” for 2018, Ukraine produced 
3.348 Mtoe of biofuel/waste energy, which amounted to 3,5% of the country's total 
consumption [5]. Different outlooks for the industry shown below (Fig. 3.11). 
 
Fig. 3.11. Capabilities of biomass industry in Ukraine [41, 44, 45]  
 
Energy mix: Of course, Ukraine can’t satisfy its energy needs due to only “one” 
source, but due to the combination of all possible alternatives, its can work out. The 
transition from a fossil-fuel-based energy system to a RES-based system is a process in 
which medium-term, specific targets must guide the RES penetration – on this principle 




Ukraine, which provides the most easily feasible forecast, our country will be able to 




Fig. 3.12. Energy mix strategy for 2025 and 2030 [41] 
 
The more ambitious goals set by the authors of the following outlooks and represent 
the maximum possible scenario using the entire available potential of Ukraine. According 
to REMAP “Renewable Energy Prospects for Ukraine”, the maximal renewable energy 
production will reach 60%; National Institute of Technical Research expect greater value – 
85% (Fig. 3.13). 
 
Fig. 3.13. Technically achievable potential in potential replacement of fossil fuels by 





In the best-case scenario, our country will be able to meet its energy needs through 
renewable sources and the current level of nuclear energy production. Less favorable 
outlook will allow Ukraine to partially abandon fossil fuels and abandon energy import, 
and is a great step towards energy independence. 
The appropriateness of using a particular energy sources depends not only on the 
amount of received energy, but also on the ecological, social and economic components. 
In order to assess the spectrum of advantages and disadvantages of the proposed options 
the following efficiency criteria were chosen:  
• The degree of achieving overall objective of the project – the provision of the state 
energy needs; 
• The economic efficiency of the project – the necessary state investments; 
• The social concerns in the country – the effects on labor market, living standards, 
cost of living, etc.; 
• The environmental negative impacts in the country; 
• The environmental positive impacts in the country; 
• The human health threats for the population of the country; 
•  The technical feasibility – in terms of available technologies and room for 
infrastructure development, suitable natural conditions, etc. 
After comparing all the possible options, we can confidently say that the most 
acceptable strategy is energy mix, since none of the single alternatives if able to cover all 
the country needs in energy. The second ranks are taken by the solar and wind spheres. 
They are the most environmentally friendly, do not carry a risk to human health and can 
partially satisfy Ukrainian’s energy needs. However, their combined potential for 
substitution is from 19 to 34%, which obviously not enough. Next are bioenergy, which is 
slightly less clean, and geothermal that shows good results, but is more difficult to 








Comparative analysis of substitution strategies for fossil fuels phase-out. 
Alternative Factors (sequence shown above) Total 
Nuclear 3 2 0 1 0 1 1 8 
Wind 2 2 3 3 3 3 2 18 
Solar 2 2 3 3 3 3 2 18 
Geothermal 2 2 2 3 1 3 1 14 
Bioenergy 2 2 2 3 2 2 2 15 
Energy mix 3 2 3 3 3 3 2 19 
 
If the country's renewable energy sector continues to grow, it will enhance energy 
security, market integration and decarbonisation. The path to "greening" Ukraine's energy 
market has both big challenges and opportunities. The path forward would be continuing 
energy market reforms, improving energy efficiency initiatives with emphasis on demand 
reduction, and increased investment in renewable energy to ensure energy stability.  
The economic point of view is an essential part of the implementation and 
development of renewable energy. Ukraine's renewable energy capacity is not used to its 
fullest degree. Alternative power engineering is a priority area for development of the 
Ukrainian economy and a strong place for attracting foreign direct investment.  
 
Conclusion for Chapter 3 
 
 In the third section of this thesis, the prospects of abandoning fossil fuels in 
Ukraine described and the current level of energy production and consumption was 
analyzed. 
 Most of the energy produced by Ukraine comes from fossil fuels (mainly coal and 
gas) and nuclear energy, but the problem is that our country cannot fully satisfy its energy 
needs through its own production. 
It is difficult to give an accurate forecast of prospects, but we can consider several 
radically different strategies and based on them give own forecast of possibility of phase 
out fossil fuels in Ukraine. Outlooks that give the largest percentage of possible energy 




realistic forecast (16% by 2030), it will not be able to fully cover our needs, but it will 
accelerate our energy independence. It is important not only how much energy we can 
receive from one or another source, but what economic, social and environmental benefits 
any option can give. These criteria examined in more detail and we can confidently 
assume that the wind and solar industries are the best alternatives for our country as single 
directions – but the most preferred option with the highest score is an energy mix that also 








1. World’s dependence on fossil fuels is one of the most important tests for 
humanity in the struggle for environment and at the same time for provision population 
with the necessary energy. Now less than 10% of the world’s energy is produced from 
renewable sources, the rest is based on fossil fuels and nuclear reactors. In Ukraine, the 
percentage of renewables is even lower, but according to research: “not everything is so 
bad” – our country has all opportunities for meeting its energy needs through alternative 
energy sources. 
2. The first interest to renewable energy sources was initiated by the 70s energy 
crises. Now the major drivers for the demand on RES are the growing concerns about 
catastrophic environmental impacts of fossil fuels combustion. Renewable energy 
facilities typically have very low effects on the environment. Thus, many countries have 
already initiated the plans to abandon the fossil fuels in various sectors of industry, 
including decommissioning of coal power station and prohibition of cars with internat 
combustion engines. The corresponding programs of such type have been announced by 
Germany, France, Sweden, Denmark and other countries. Returning to renewables will 
help mitigate climate change and it is an excellent approach to meet future generations' 
energy demand.  
3. Ukraine has been and remains the country dependent on external energy supplies 
and that is why our country needs to lift the share of renewable energy in the energy mix 
considerably. Thus, the reduction of the fossil fuels involvement in provision of industry 
and energy needs in Ukraine is driven by both political and environmental reasons. Clean 
technologies can also bring substantial indirect economic benefits, by creating new 
working places and improving living standards.  
4. The World’s and Ukrainian experience reviewed and it is possible to make 
recommendations and own forecasts: 
• After comparing all the possible options, we can confidently say that the most 




option with the highest score is an energy mix that also includes a significant share of 
energy from these perfect sources.; 
• Although the development of nuclear energy can fully provide the country’s 
energy needs, it can’t be considered as an alternative through social and environmental 
factors. The country is unable to abandon it completely, and it’s better to leave it at the 
current level; 
• Until 2030, it is theoretically possible to increase the share of alternatives up to 60 
– 80%, but gigantic investments needed and involve vast territories. And  is unrealistic in 
current economic situation; 
• The best decision of developing RES in Ukraine: adhere to the plan of the Cabinet 
of Ministers of Ukraine (10.5% by 2025 and 16% by 2030) and gradually increase its 
share in solar, wind, geothermal, hydro and bioenergy generation.     
5. Energy security is the basis on which the future of the Ukrainian economy built 
and on which the quality and living standards of Ukrainians depend. If our country is able 
to use the maximum technical potential including solar, wind, hydro, bio and geothermal 
energy this will make it possible to gain energy independence. The development of only 
one renewable source will not produce the desired effect, but the combination of all 
possible including, to some extent, dangerous nuclear energy will make it possible to 
master such a necessary energy potential. 
Ukraine is only at the beginning of the path to creating an efficient and balanced 
energy market, but we have all the prospects. It is important to remember that achieving 
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